Using ZIP code-level mortality data, the association of cardiovascular mortality with PM 2.5 and PM 10À2.5 , measured at a central monitoring site, was determined for three populations at different distances from the monitoring site but with similar numbers of deaths and therefore similar statistical power. The % risk and statistical significance for the association of mortality with PM 2.5 fell off with distance from the monitor, as would be expected if exposure error increased with distance. However, the % risk for PM 10À2.5 increased in going from the population in Central Phoenix, where the monitoring site was located, to a population in a Middle Ring around Phoenix and fell off in an Outer Ring population. The % risks for the Outer Ring were low for each of the six lag days (0-5) and for the 6-day moving average. The lag structures for PM 2.5 and PM 10À2.5 also differed for the Central Phoenix and Middle Ring populations. These differences led us to examine the socioeconomic status (SES) of the populations. On the basis of education and income, the population in Central Phoenix had a lower SES than the Middle Ring. Thus, the differences between Central Phoenix and the Middle Ring may be due to effect modification by SES and differences in exposure error. However, the effect modification by SES may be different for thoracic coarse particulate matter (PM) than for fine PM. This study provides new information on the association of PM 10À2.5 with cardiovascular mortality. In the Middle Ring, the % risk per 10 mg/m 3 increase in PM 10À2.5 concentration (lower and upper 95% confidence levels) for lag day 1 was 3.4 (1.0, 5.8) and for the 6-day distributed-lag was 3.8 (0.3, 7.5). The differences in lag structure for PM 2.5 and PM 10À2.5 provide evidence that the two particle size classes have health effects that are different and independent. This study also helps explain the high % risks for PM 2.5 found for Central Phoenix, 6.6 (1.1, 12.5) for lag day 1, and 11.5 (2.8, 20.9) for the 6-day moving average. The smaller area may have a lower exposure error, and the lower SES population may be more susceptible to fine PM as compared to the larger areas and more heterogeneous populations used in many studies.
Introduction
The intent of this analysis was to study the effect of exposure error on the level and uncertainty of risk determined by epidemiologic analysis. We assumed that the correlation of the measured ambient particulate matter (PM) concentration with the unmeasured average population exposure to ambient PM would decrease for populations at increasing distances from the monitoring site. As ZIP code-level mortality data were available, ZIP code-level population data were used to construct three populations at increasing distances from the monitoring site: (1) Central Phoenix (an area selected to be well represented by the monitoring site), (2) a Middle Ring (a selection of ZIP code areas surrounding Central Phoenix), and (3) Outer Phoenix (a selection of ZIP code areas outside the Middle Ring). The ZIP code areas were selected so that all three areas would have similar population sizes and number of deaths so that tests comparing the populations would have similar statistical power. The association of cardiovascular mortality with PM 2.5 and PM 10À2.5 concentrations was then examined for the three populations using time-series analysis to estimate the association between daily cardiovascular mortality and daily PM concentrations. The % risk (percent increase in relative risk) for the association of mortality with PM 2.5 fell off with distance from the monitor, as would be expected if exposure error increased with distance of the population from the central monitor. However, the % risk for PM 10À2.5 increased from the Central Phoenix to the Middle Ring population before falling off in the Outer Phoenix population. The lag structure for PM 2.5 and PM 10À2.5 also differed for the two populations. This led to an examination of the socioeconomic status (SES) of the various populations.
On the basis of education and income, the population in Central Phoenix had a lower SES than the population in the Middle Ring. The Central Phoenix population had 1.62 times as many people with incomes below the poverty level and 1.76 times as many without a high school diploma as the Middle Ring population. Thus, the populations in the two areas are not homogeneous, and the differences in % risk may be influenced by both exposure error and effect modification by SES. This paper examines in detail how the % risks for the 6-day distributed lag and for individual lag days, from 0 to 5, are influenced by exposure error and SES.
Methods

Concentrations
The EPA research-monitoring program, conducted from 1995 to 1997 at the West Phoenix site near downtown Phoenix, included tapered element oscillating monitor (TEOM) measurements of PM 10 and PM 2.5 , a surrogate for fine particles, using the same protocol. This allowed PM 10À2.5 , a surrogate for thoracic coarse particles, to be determined as the difference between PM 10 and PM 2.5 . The site and measurements program have been described in Mar et al. (2000 Mar et al. ( , 2003 and in an EPA report (U.S. EPA, 1998). Mortality data and concurrent air quality data were available for 1057 days. PM 2.5 measurements were missing for 81 days (8%), and PM 10À2.5 measurements (which required a concurrent measurement of both PM 2.5 and PM 10 ) were missing for 127 days (12%). Everyday concentrations were needed to determine the % risk for the 6-day moving averages, that is, the % risk for death on the day of exposure plus the % risk from that day's exposure for the next 5 days, or equivalently the % risk of death on the day of exposure plus the % risks of death from exposures on the previous 5 days. Missing PM concentration values were estimated by multiple regression using other PM measurements (TEOM measurements of PM 1 and PM 10 and filter measurement of PM 2.5 ) and measurements of wind speed, temperature, relative humidity, and gaseous pollutant concentrations. Missing values for PM 2.5 should be relatively reliable, as for most missing days there were other measurements of fine PM mass. Missing values for PM 10À2.5 are less reliable because the fine mass values were not very useful in predicting PM 10À2.5 .
Establishing ZIP Code Areas
The Central Phoenix ZIP code area used in earlier Phoenix epidemiology studies (Mar et al., 2000 (Mar et al., , 2003 was identified by the Arizona Department of Environmental Quality as being the area for which the monitoring site was most representative of the local outdoor concentrations. GIS (Geographic Information System) programs were used to draw a ZIP code map of Phoenix. Census tract data were aggregated to give the population by ZIP code. ZIP codes were then selected to produce three areas with approximately equal populations: the Central Phoenix, Middle Ring, and Outer Phoenix areas. ZIP code-level mortality data were aggregated to provide daily mortality counts for each area. The ZIP code areas were then adjusted as necessary so that each area had approximately the same population size and number of deaths.
Statistical Methods
Mortality outcomes were modeled using Poisson's regression models. All analyses were conducted using S-PLUS 2000 (Insightful Inc., Seattle, Washington, USA) generalized additive model (GAM) with a stringent convergence criterion (10eÀ10 with 1000 iteration steps). Standard errors from the S_PLUS GAM program were augmented using the GAM_Exact technique described by Dominici et al. (2004) . Base models controlled for time trends, temperature, and relative humidity using nonparametric smoothing splines were selected to minimize the AIC (Akaike Information Criterion), resulting in 12 d.f. (degrees of freedom) or approximately 4 d.f. per year for the time trends. Temperature was lagged 1 day with 5 d.f. for the smoothing spline, and relative humidity was lagged 0 days with 2d.f. The models were also adjusted for day of week and extreme temperatures (hottest and coldest 5%) using indicator variables. The associations between mortality and PM measures were evaluated using single-pollutant models.
Results
ZIP Code Areas
The Central Phoenix and Middle Ring ZIP code areas are shown in Figure 1 . The Outer Ring ZIP code area included a selection of ZIP code areas just outside the Middle Ring.
Risk Estimates
Risk estimates, given as % risk, are the % increase in risk of mortality for a 10-mg/m 3 increase in PM 2.5 or PM 10À2.5 followed in parentheses by the lower and upper 95% confidence limits.
Percent Risks for a 6-day Moving Average
The % risks for a 10-mg/m 3 increase in PM for a 6-day moving average for PM 2.5 and PM 10À2.5 are given in Figure 2 for the three ZIP code areas. The two size fractions show different patterns. For PM 2.5 , the % risk was 11.5 (2.8, 20.9) in Central Phoenix falling to 2.9 (À4.9, 11.4) in the Middle Ring and to 1.6 (À6.2, 10.0) in Outer Phoenix. We had anticipated that the Middle Ring would have a % risk about halfway between the % risks for Central Phoenix and Outer Phoenix, so the reduction in % risk for PM 2.5 in the Middle Ring was greater than anticipated. For PM 10À2.5 , however, the % risk was greatest in the Middle Ring at 3.8 (0.3, 7.5) compared to 2.4 (À1.2, 6.1) in Central Phoenix and 1.6 (À1.9, 5.2) in Outer Phoenix.
Percent Risks for PM 2.5
The % risk for a 10-mg/m 3 increase in PM 2.5 is given for single lag days of 0-5 for the three ZIP code areas in Figure 3 . For Central Phoenix, the % risks were all positive and varied from a high of 6.6 (1.1, 12.5) on lag day 1 to a low of 2.0 (À3.2, 7.5) on lag day 2. In the Middle Ring, the anticipated reduction in % risk due to increasing exposure error was observed for each lag day except for lag day 2, for which the % risk had increased to 6.4 (1.1, 11.9). Farther away, in the Outer Ring, the % risks were low for all lag days.
Percent Risks for PM 10À2.5 Figure 4 shows the % risks for a 10-mg/m 3 increase in PM 10À2.5 for single lag days of 0-2 for the three ZIP code areas. Percent risks for PM 10À2.5 for lag days 3-5 were low in all ZIP code areas and therefore not shown. In comparing Central Phoenix and the Middle Ring, we found that unlike PM 2.5 , which showed a decrease in % risk for all lag days but lag day 2, the % risk for PM 10À2.5 remained almost the same on lag day 0 but increased in % risk to 3.4 (1.0, 5.8) for lag day 1 and to 3.0 (0.7, 5.4) for lag day 2. However, in the Outer Ring, all lag days were low. As was the case for the 6-day moving average % risks, the % risks for the individual lag days (0, 1, and 2) differ for the different particle-size classes as a function of distance from the monitoring site.
Statistical Comparison of % Risks
The t-statistic may be used to test whether the difference between two % risks is statistically significant (Schenker and Gentleman, 2001) 
1/2 where b is the ln of the relative risk per unit pollutant and SE is the standard error. None of the differences between risks in different ZIP code areas were statistically significant. Zeka et al. (2006) discussed the significance of differences between effects estimates for different strata of a potential effect modifier. They concluded that modification of an effect by a factor of 2 or more should be considered important regardless of statistical significance. Certainly, a factor of 2 differences, or the difference between a negative and a positive risk, is important for quantitative risk assessment. The differences in risk discussed in this paper are either between a positive and a negative risk or differ by a factor of 2 or more.
SES
SES for the three ZIP code areas, as indicated by income (percentage of population with income below the poverty level) and education (percentage of population without a high school diploma) are given in Table 1 . Compared to the Middle Ring population, the Central Phoenix population had 1.62 times as many people with incomes below the poverty level and 1.76 times as many people without a high school diploma. Thus, the SES of the populations increased in going from Central Phoenix to the Middle Ring to Outer Phoenix.
Central Phoenix
Middle Ring
Outer Phoenix 
Discussion
Comparison of Mortality Risks for PM in Central Phoenix and the Middle Ring
Mortality data are available by ZIP code for the Phoenix area. This made possible an initial investigation using the population in a small area in which air pollution levels were thought to be well represented by the monitoring site (Mar et al., 2000 (Mar et al., , 2003 . This study began as an attempt to investigate the effect of exposure error in community, timeseries epidemiology studies by examining the % risk for populations at increasing distances from the PM monitoring site. We assume that the correlation of the population average exposure with the ambient PM measured at the monitoring site will decrease with increasing distance of the population from the monitoring site. Our analysis tests the hypothesis that the lower correlation will result in a lower % risk and a greater uncertainty in the % risk. We chose populations at increasing distances from the Central Phoenix area that had similar population sizes and numbers of deaths and hence similar statistical power.
The results for PM 2.5 confirmed our expectations, except that the falloff in % risk was more rapid than anticipated. For the 6-day moving average (Figure 2 ), the % risk went from 11.5 (2.8, 20.9) in Central Phoenix to 2.9 (À2.9, 11.4) in the Middle Ring. For individual lag days (Figure 3 ), all % risks decreased except for lag day 2, which went from 2.0 (À3.2, 7.5) in Central Phoenix to 6.4 (1.1, 11.9) in the Middle Ring. However, the results for PM 10À2.5 were unexpected. For the 6-day moving average (Figure 2 ), the % risk in Central Phoenix was 2.4 (À1.2, 6.1), increasing to 3.8 (0.3, 7.5) in the Middle Ring, and falling to 1.6 (À1.9, 5.2) in Outer Phoenix. For individual lag days (Figure 4) , the PM 10À2.5 % risks were greater in the Middle Ring than in the Central Phoenix area for lag days 1 and 2.
Exposure Error
The decrease in % risk for both PM 2.5 and PM 10À2.5 , in going from the Middle Ring to Outer Phoenix, may be attributed to exposure error. This increase in exposure error with distance from the monitoring site may explain the low % risks found when mortality data are drawn from a large area, which may have subareas where the daily variation in average population exposure is not well correlated with the concentration measured at the monitoring site. However, the changes in % risk between Central Phoenix and the Middle Ring, while they are probably influenced by exposure error, require additional explanations, especially in the case of PM 10À2.5 .
Possible Role of SES
In recent years, chronic and acute epidemiologic studies have provided increasingly convincing suggestions that lower SES-status subjects had a greater risk from exposure to fine particles (Cifuentes et al., 1999; Pope et al., 2002; Finkelstein et al., 2003 Finkelstein et al., , 2005 Villeneuve et al., 2003; Jerrett et al., 2004 Jerrett et al., , 2005 Krewski et al., 2000 Krewski et al., , 2005 . The unexpectedly rapid falloff of % risk for PM 2.5 and the unexpected increase in % risk for PM 10À2.5 in the Middle Ring led us to investigate the SES of the populations in the three areas of Phoenix used in our study. An analysis of SES, based on education and income, indicated that the average SES of the Central Phoenix population was lower than that of the Middle Ring. If the higher SES population in the Middle Ring were less susceptible to fine PM effects than the lower SES population in Central Phoenix, that would explain the more rapid than expected drop-off in % risk. Thus, the change in % risk for PM 2.5 in going from Central Phoenix to the Middle Ring could be due to a combination of two factors: (1) the lower correlation of the population average exposure with the monitored PM concentrations in the Middle Ring compared to Central Phoenix and (2) the lower susceptibility to the effects of fine PM in the higher SES Middle Ring compared to Central Phoenix.
The change in lag structure for PM 2.5 between the Central Phoenix and Middle Ring areas (Figure 5a ) could be explained if the higher SES population subjects were also more resistant to the effects of PM and the lower SES population subjects of Central Phoenix were less resistant. The lower SES population had the highest risk of death the first day after exposure. The higher SES population had greater resistance, and their highest risk did not occur until the second day after exposure. The risk of death on the day of exposure was higher for Central Phoenix than for the Middle Ring. Looking only at lags 0, 1, and 2, it would appear that the overall risk was slightly lower in the Middle Ring but delayed by 1 day, that is, people in the higher SES population, whose death was associated with PM exposure, resisted death for 1 day longer than people in the lower SES population (Figure 5b ). The individual lags in Central Phoenix for days 3, 4, and 5 were positive and evidently contributed to the % risk for the 6-day moving average. In the Middle Ring, however, the % risks on these lag days were much lower and caused the 6-day moving average to be also low. It is more difficult to explain the increased risk for PM 10À2.5 in the Middle Ring relative to Central Phoenix. It is possible that PM 10À2.5 might be more evenly distributed across the Central Phoenix and Middle Ring areas than PM 2.5 (Smith et al., 2000) so that the exposure error in going from Central Phoenix to the Middle Ring would be lower for PM 10À2.5 than for PM 2.5 . However, it seems unlikely that PM 10À2.5 measured at the monitoring site in Central Phoenix would be more highly correlated with the community-wide PM 10À2.5 exposure in the Middle Ring than in Central Phoenix. We are, therefore, led to the hypothesis that higher SES populations may be more susceptible to PM 10À2.5 than lower SES populations. The increase in % risks for PM 10À2.5 in going from Central Phoenix to the Middle Ring could reflect a greater susceptibility to the effects of thoracic coarse PM in the higher SES population in the Middle Ring compared to lower SES population in Central Phoenix. This hypothesis that higher SES populations may be more susceptible to PM 10À2.5 than lower SES populations needs to be tested in additional studies.
Effect Modification by SES
This study is the first to report an interaction between SES and the association of mortality with PM 10À2.5 , an indicator of thoracic coarse particles. However, the observed trend, an increase in susceptibility in a higher relative to a lower SES population, does not fit the current paradigm that air pollution causes greater effects among those in disadvantaged circumstances. The interactions of health, wealth, and air pollution are discussed in O'Neill et al. (2003) . The authors were careful not to completely prejudge the direction of the effect, stating the hypothesis as ''the effects of air pollution exposure on health are differentially distributed by socioeconomic condition (SEP), and under most conditions, people in lower SEP's are at greater risk.'' However, they '' y base this general hypothesis on three possible routes through which air pollution exposure may result in greater health effects among those in disadvantaged conditions.'' In a summary of studies in print at the time of the Workshop (2002), two prospective cohort studies with PM 2.5 (Krewski et al., 2000; Pope et al., 2002) , one time-series study with PM 2.5 (Cifuentes et al., 1999) and one time-series study with black smoke (Wojtyniak et al., 2001) , gave evidence for ''Greatest effects among least educated'' with ''monotonic dose response for all-cause mortality.'' However, the only evidence was for fine particles. There were no studies with coarse particles. Of five studies with PM 10 , three showed no trend (Samet et al., 2000; Tolbert et al., 2000; , one showed an inconclusive trend , and one (Gouveia and Fletcher, 2000) showed the opposite trend that ''air pollution effects [were] larger in districts of higher socioeconomic level. '' O'Neill et al. (2003) discussed three possible reasons why people in lower SEP populations might be at greater risk from fine particles: (1) ''air pollution exposure is differentially distributed by SEP'' with lower SES neighborhoods having greater exposure, at least to primary pollutants; (2) ''low SEP may directly increase susceptibility to air pollution-related health consequences;'' and (3) ''some health conditions and traits that cause vulnerability to air pollution are linked to SEP.'' It seems reasonable to assume that these would apply to coarse particles and fine particles. However, at the time of the O'Neill et al. (2003) paper, there was no experimental evidence regarding the relationship between coarse particles and SES.
Several additional papers investigating the interaction between SES and the association of particles with mortality have been published since the O'Neill et al. (2003) paper was completed. Jerrett et al. (2005) examined the association between CoH (coefficient of haze) and non-trauma mortality in Hamilton, Canada, and also found that increased mortality was associated with CoH exposure in intra-urban zones with lower educational attainment and higher manufacturing employment. CoH measurements were available at monitoring sites within each intra-urban zone. The effect estimates of association for single day lags in the intra-urban zones were 1.7-2.7 times higher than the associations for the same lags in the citywide model. Evidently, the smaller zones, more homogeneous in regard to SES, gave higher risks even though the confidence intervals were larger and the lag structure varied from zone to zone. Zeka et al. (2006) combined nonaccidental mortality data from 20 cities and conducted a case crossover study of the association of daily mortality with daily PM 10 concentrations for three educational levels: low (o8 years), medium (8-12 years), and high (412 years). For all cause (nonaccidental) mortality, there was a downward trend in % risk with increased education. However, the % risk trend was reversed for stroke. The % risk for respiratory mortality was essentially constant across educational levels. The % risks for heart disease and myocardial infarction were higher for the lowest than the highest educational level. The medium education level, however, had the lowest % risk for heart disease but the highest % risk for myocardial infarction. These results suggest that SES may be an effect modifier for PM health effects but that the effect may be in different directions for different causes of death. As PM 10 is a combination of fine and thoracic coarse particles, the effect modification by PM 10 does not provide any information about the difference in effect modification by the two size classes. Villeneuve et al. (2003) used time-series methods to evaluate the association between daily air pollutant concentrations and daily nonaccidental mortality in a dynamic cohort of 550,000 individuals in Vancouver, Canada, between 1986 and 1999. The % risk for PM 10À2.5 was 5.9 (1.1, 10.8) for a 10-to 90-percentile increase in PM 10À2.5 . PM 2.5 was not an important predictor of mortality. They stratified deaths into quintiles of income and showed graphs of the % risks and confidence intervals for the low, middle, and high quintiles for all-cause, respiratory, and cardiovascular mortality for total suspended particulates (TSPs), PM 10 , and PM 2.5 , but not for PM 10-2.5 . There were no trends for all-cause mortality or for PM 10 for any cause of death. For respiratory mortality, the % risk for TSP was higher for low than for middle and high incomes; however, for PM 2.5 , there was a trend of increasing % risk with increasing income. For cardiovascular mortality, there were distinct trends: for TSP, % risk increased as income increased; for PM 2.5 , the % risk decreased as income increased. None of the trends were statistically significant, but the differences in % risk between low-and high-income strata exceeded a factor of 2. So here we have a hint that the direction of effect modification on the health effects associated with PM exposure may differ for different sizes of particles.
Various authors have speculated as to the reasons for a differential effect of PM as a function of SES (O'Neill et al., 2003; Zeka et al, 2006) . The increased % risk for fine PM found in lower SES populations could be due to an increased susceptibility or a greater exposure. Lower SES populations may have: (1) higher percentage of smokers, (2) more exposure to workplace pollutants, (3) poorer nutrition with less protection from antioxidants in food, and (4) generally poorer access to routine health care and medications to control cholesterol. To the extent that these characteristics influence baseline mortality risk, they cannot account for differences across populations. However, to the extent that they might indicate an increased susceptibility to fine PM, they could contribute to an explanation. A greater personal exposure to fine PM might result from housing with a higher air exchange rate (older housing stock, less air conditioning) or housing located closer to major sources of traffic-related pollutants. Although it is frequently found that day-to-day variations in PM 2.5 across an urban area are well correlated, the spatial correlation of certain components of PM 2.5 may not be as well correlated. This is particularly the case for ultrafine particles (o0.01 mm in diameter). The concentration of ultrafine particles from traffic falls off rapidly with distance from the roadway, both due to dilution and coagulation, the concentration reaching background levels within 300-500 m (Zhu et al., 2002) . While there are possible explanations for lower SES populations having higher % risks from fine particles than higher SES populations, there are as yet no explanations for the suggestion from this study that higher SES populations are more susceptible to thoracic coarse particles.
Association of Cardiovascular Mortality Risk with PM 10À2.5 Figure 6 compares the lag structure of the % risk for PM 10À2.5 in Central Phoenix and the Middle Ring. The lag structure for PM 10À2.5 , like that of PM 2.5 , suggests a delay in deaths associated with PM concentrations in the Middle Ring compared to Central Phoenix. There is a shift in % risk from lag days 0 and 1 in Central Phoenix to lag days 1 and 2 in the Middle Ring. However, for PM 10À2.5 , the % risk integrated over lag days 0-2 appears to be greater in the Middle Ring than in Central Phoenix, whereas for PM 2.5 , the difference between Central Phoenix and the Middle Ring over lag days 0-2 does not appear to be as great.
As shown in Figure 7 , the lag structure differs for PM 2.5 and PM 10À2.5 in both the Central Phoenix and the Middle Ring populations. In Central Phoenix, the % risk for PM 10À2.5 , which is highest on lag day 0, falls off on lag day 1, and falls farther on lag day 2. The % risk for PM 2.5 , however, is highest on lag day 1 and lower on lag days 0 and 2. In the Middle Ring, the PM 10À2.5 % risk is highest on lag day 1 but does not vary much over lag days 0-2. The PM 2.5 % risk, however, is low on lag day 0 and increases with time, becoming highest on lag day 2. This supports the hypothesis that PM 2.5 and PM 10À2.5 have health effects that are different from and independent of each other. PM 2.5 and PM 10À2.5 may produce health effects by different biological mechanisms or, perhaps, different preexisting conditions cause different susceptibilities to the different PM size classes (or to different chemical components in the different size classes).
In Figure 8 , we compare the % risk for PM 10À2.5 and PM 2.5 in Central Phoenix calculated using a similar statistical model, but one analyzed with generalized linear model (GLM) and one with GAM_Exact. In the GAM_Exact analysis, values for days with missing data were imputed. The GLM calculation excluded days with missing data, using only those days on which there were measurements of both PM 10 and PM 2.5 , that is, only those days with PM 10À2.5 based on measured values of PM 2.5 and PM 10À2.5 . With the GLM analysis, the % risks in Central Phoenix were higher for lag days 0 and 1, with a lag day 0% risk of 3.0 (0.3, 5.7) compared to 2.2 (À0.3, 4.7) for the GAM_Exact calculation with missing values replaced with imputed values. The greater % risk and lower uncertainty are thought to be due mainly to the more accurate values of PM 10À2.5 . However, there were more missing days for PM 10À2.5 than for PM 2.5 , and imputed values for missing days were needed for the 6-day moving average. Note also that, as shown in Figure 8 , the GAM_Exact analysis for the % risks for PM 2.5 , for which the imputed values were more accurate, gave slightly higher % risks than the GLM analysis with missing days excluded.
Conclusions
PM 10À2.5 This study indicates that both low and high SES populations in Phoenix were subject to increased risks of cardiovascular mortality due to exposure to PM 10À2.5 during the study period from 1995 to 1997. The % risk for lag day 0 for the lower SES population and for lag days 0, 1, and 2 for the higher SES population are greater than those found in other studies. 
PM 2.5
The use of ZIP code-level mortality data made it possible to observe what appears to be an interaction between exposure error and SES. The evidence for this interaction, presented in this paper, although not yet supported by other studies, suggests that the high % risk from exposure to PM 2.5 found in the ZIP code-selected area of Central Phoenix quite likely can be attributed to the greater susceptibility to PM 2.5 of the lower SES population and a lower exposure error because the population average exposure in the selected area was better represented by the measurements taken at the monitoring site than might be the case for larger areas.
Effect Modification by SES
The greater effect of PM 10À2.5 in the higher SES population in the Middle Ring does not fit the current paradigm that ''y air pollution exposure may result in greater health effects among those in disadvantaged circumstances. '' (O'Neill et al., 2003) . However, this paradigm is based only on information about SES modification of the association of PM 2.5 or other indicators of fine particles with mortality. This paper is the first to report an SES effect modification of the association of PM 10À2.5 with mortality. Two recent studies hint that the trend in % mortality risk with SES may differ for different causes of death (Zeka et al., 2006) and for different particle sizes (Villeneuve et al., 2003) . Because of the implications of effect modification by SES for quantitative risk assessment, further studies of the SES interaction with both fine and thoracic coarse particles, as well as gases and sources, are indicated.
